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ENTOMOLOGY PROJECTS’ 
for Elementary and Secondary Schools 


By John A. Wilcox ? 


Introduction 


Insect study has a host of proponents, from the 
amateur collecting butterflies to the scientist researching 
pest control, to the teachers using insects to demon- 
strate biological and ecological principles. 

Insects are numerous, varied in form and habit, and 
small enough to bring into the classroom to be watched 
more closely. Since they can be killed and easily pre- 
served, it is not difficult to prepare a permanent collec- 
tion. Most youngsters are familiar with some insects 
and, with a little encouragement, will show considerable 
interest in any directed insect study. 

For several reasons, insects have never been popular 
with teachers. The many different kinds of insects, 
most of them small, make identification difficult ; also, it 
is discouraging to tell an eager child you don’t know the 
name of the specimen he brought to class. Insects in 
general are esthetically displeasing to many people, and 


1 Submitted for publication May 9, 1972. 
2 Senior Scientist, Entomology, New York State Museum and 
Science Service. 
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many are afraid of being stung or bitten. Wasps, 
hornets, bees, waterbugs, assassin bugs, three or four 
species of fuzzy caterpillars, all bite or sting a careless 
collector. If these insects can be recognized there will 
be little to worry about from the others. 

A field trip often makes a subject exciting when 
classroom discussion and demonstration is lifeless. 
Active participation and a chance of finding something 
different often engender interest in the most unlikely 
pupil. However, to make a field trip more than just a 
picnic, planning and preparation are necessary. The 
major portion of this bulletin consists of an outline and 
suggestions for a field trip to collect insects, the sub- 
sequent classroom work of mounting specimens, and 
recording information and conclusions. Other projects 
in rearing and collecting are also suggested. 

Pages 3, 10, 15, 22, 23, 37, 38 have been designed to 
be photocopied for distribution to all class members. 

Some of the chemicals mentioned in this publication 
are dangerous if not handled properly. Supervision of 
younger children is advisable. 
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Project A. Make an insect collection from 
a single habitat. 


Select a particular habitat and examine the wildlife 
community living there. Collect insects, return to the 
classroom and mount, label, and identify specimens. 
Indicate how each insect fits into the food chain, and its 
relationship to other members of the wildlife community. 
Working time required: approximately 2% hours. 

Al. Preliminary activities. Select goals for the field 
trip. Decide exactly what you want to find and plan in 
detail what you will do. For example: (1) travel to 
field; (2) distribute nets and collector’s kits; (3) for 
the first 15 minutes observe the insects on the plants to 
see what they are doing; (4) collect as many different 
species as you can (20 minutes); (5) return to class- 
room; (6) mount, label, and identify one or more of 
each kind; (7) determine their places in the food chain. 

Select an area where you can collect fairly large 
numbers of insects; open fields are usually best. A 
goldenrod field is very good in autumn, and in spring, 
an open field is satisfactory if the leaves are fairly well 
developed. Thickets of small willow, poplar, or cherry 
trees are also good. The trip leader should, of course, 
visit the trip destination to know what to expect and be 
sure the trip goals can be met. 

Select a date for the field trip. Insect collecting is a 
fair weather activity. A trip on a wet day will offer 
little unless the class is specifically looking for aquatic 
insects, so an alternative rain date should be picked. 
Make transportation arrangements if the group is to 
travel beyond walking distance. 


Prepare and distribute notices to parents of each 
member of the class. These notices should include per- 
mission slips to be returned to the trip leader, descrip- 
tion of the field trip, and a list of things to bring or to 
consider before attending the trip (see page 3). Be 
sure the permission slips are returned and on file. 

Become familiar with some of the insects you may 
find. Study books or other references so you can rec- 
ognize some of the commoner kinds (see bibliography 
on pages 44 and 45). Know what is meant by herbi- 
vore, parasite, predator, scavenger, and pollinator. If 
an insect collection is available, look it over carefully. 

Round up the field equipment you will need, Obtain 
or make nets (see figures 1-5), killing jars (figure 6), 
and storage boxes (figure 7). Prepare a collector’s kit 
for each member of the class or for each group of four 
or five. The collector’s kit is a cloth, plastic, or paper 
bag containing the following items which must be re- 
turned to the trip leader at the end of the project. 


(1) A trail guide pamphlet if one is available for the 
area. 
(2) One reference book. 
(3) One magnifying glass or hand lens. 
(4) One knife. 
(5) One pencil. 
(6) 3x 5 file cards or paper for notes. 
(7) One killing jar for insects to be preserved. 
(8) One or two empty jars or five small vials for 
living insects. 
Envelopes or paper or plastic bags may be provided 
at the end of the trip to carry insects or other items 
home. 


COME PREPARED FOR A FIELD TRIP 


What should you bring with you on a field trip? Here 
are a few things you should have for a successful trip. 


Collecting jars—a killing jar or two, and two 
empties for livestock. 


A net if you have one (not absolutely necessary). 


A knife or hand axe (only if you have had training in 
their use and can refrain from cutting live trees). 


Mosquito repellent. 


A bottle of water to drink (a canteen or a cleaned, 
plastic bleach bottle). 


First aid kit (at least a couple of band-aids). Special 
medication if you are allergic to bees or wasps, or 
susceptible to asthma. 


Food (a snack for mid-afternoon, and lunch if you 
will be out during the noon or evening meal). 


A pack or cloth bag with shoulder or belt straps to 
carry equipment so your hands will be free. 


Proper clothing: a hat to shade your eyes ; good shoes, 
well broken in; old clothes (slacks or jeans to protect 
you from the berry bushes); jacket or raincoat, de- 
pending on the weather. 


If you are going to collect host plant specimens, you 
will need a vasculum or plastic bag for carrying the 
plants. 


Make sure you know where you are going and how 
to get back before you leave the starting point. Anyone, 
even an experienced woodsman, can get lost. The trick 
is to find your way before you hike an extra hour or two. 
So look at a map and carry a compass, especially if you 
are going into hilly or wooded areas. 


Know what the dangers are: poison ivy, snakes, 
poisonous spiders. If you are not familiar with them, ask 
your trip leader if there are any in the area, how to 
recognize and avoid them, and what to do if you en- 
counter any of them. 


This is a model page which can be photocopied 
and distributed to members of the class. - 
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Figure 1 
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A2. The field trip. Killing jars should be charged 
before use (figure 6). Place about two teaspoonfuls of 
ethyl acetate in each jar containing plaster of paris 
and tightly cap the jar. Allow the ethyl acetate to soak 
into the plaster for 5 to 10 minutes. This can be done 
in the classroom just before the class leaves for the field. 
When the jars are ready for use, pour excess acetate 
back into its original container and leave the jars open 
for a couple of minutes to allow plaster to dry. Add 
a few strips of tissue paper or paper towelling to absorb 
moisture and protect the insects from damage. 

Unless you have enough equipment for all members 
of the class, use the following system of distributing 
equipment and responsibility. Break the class into 
groups of four members each. Designate each group 
by letter (Group A, Group B, etc.). Within each group, 
designate each student by number (Student No. 1, Stu- 
dent No. 2, etc.). Assign supplies and equipment as 
follows to reduce confusion. Student No. 1 of each 
group is to pick up one collector’s kit and write his name 
on the card inside. Student No. 2— pick up one killing 


Killing Jar for Insects 


Tight screw cap or 
cork stopper 


Poiso 


Glass jar, %4 pint trees 


to 1 quart 


Plaster of paris 
at least 1 inch deep. 
Dry thoroughly before 
adding ethyl acetate. 


Flammable 
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jar if there is no jar in the kit. Student No. 3 — pick up 
one net. Student No. 4— pick up one clip board or 
notebook, and instruction sheet. 

Spend the first 15 minutes in demonstrating the use 
of the nets and killing jars. Move to the collecting 
area and quietly observe any insects, birds, and other 
animals in the field. Record observations of insect ac- 
tivity. Note the number of insects which can be found 
this way. Look especially for predators (such as spi- 
ders, mantids, and stink bugs) which have caught their 
prey. 

Spend the next 20 minutes (or more, depending on 
the time available) collecting as many different kinds 
of insects as possible. The sweeping net, with a heavy 
frame and muslin bag, provides the best method of col- 
lecting large numbers of insects in the field. It is brushed 
through weeds, bushes, and branches of trees, sweeping 
insects off the plants. Some damage is done to the 
plants so this method of collecting should not be used 
where the plants are valuable. The sweeping net is not 
satisfactory for capturing such flying insects as butter- 


Add only as much ethyl acetate as 
the plaster will hold. 


Pour excess liquid out of jar and 
add strips of tissue paper to protect 
the insect specimens. 


Use separate jars for Lepidoptera 
(moths and butterflies) and for other 
insects. 
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flies and dragonflies because the tight mesh of the bag 
fails to let the air through and the butterfly may be 
blown out of the way by the net itself. A light weight 
net bag is necessary for capturing butterflies, but will 
be torn by weeds or branches. After a few sweeps, 
flip the end of the net over the rim to trap the insects. 
Flip the sweeping net again to force them down to the 
bottom of the net and examine your catch. Trap the 
insects you wish to keep in the killing jar or live jar. 
Flies, wasps, and bees are very quick, so watch for them 
first. They can be trapped in the bottom of the net by 
encircling the net loosely with your hand a few inches 
from the bottom, then gradually opening your hand and 
allowing the insects to come out through a small open- 
ing. Capture them in the jar as they emerge. There 
is some risk of bee or wasp stings if you hold the net 
at the tip or too tightly. 

Share the sweeping nets and other equipment. Group 
collecting is an exercise in cooperation. The person 
who has the net is expected to take four or five sweeps, 
collect the insects from the net, then give the net to the 


Box top 


member of his group with the next number. Two stu- 
dents, working together until they are experienced, may 
be necessary to get specimens from net to jar. 

Collect only winged insects for this project. They 
are rigid enough to hold shape when dried, and are usu- 
ally much easier to identify. Note that adult beetles 
and bugs have wings even though the wings may be 
hard to recognize.+ Spiders, caterpillars, and other soft- 
bodied insects can be dried by a special method (section 
A13) but are usually preserved in 70 percent ethyl al- 
cohol (section Al2). Butterflies and dragonflies are 
not satisfactory specimens for this type of exercise or 
project because about a week is required to dry on 
special mounting boards (section All). 

If you have studied insects before going to the field, 
look for some which are herbivores, predators, parasites, 
scavengers, and pollinators. A variety will add to the 
value of your collection. 

At the end of the collecting period return to the start- 
ing point and return your nets to the trip leader. Place 
your killing and collecting jars in your collector’s kit. 


Figure 7 


Insect box for small collection 


Corrugated cardboard or plastic 
foam disc to be placed in bottom 
of box. 


Half-pint ice cream container 
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Write your name or group name on a card and place 
it in the collector’s kit to prevent confusion. Live in- 
sects should be turned loose, or made comfortable if 
you are taking them back to the classroom: Don’t 
smother them in jars which are too small or too tightly 
capped. 

A3. Classroom laboratory. Use the following pro- 
cedure in the classroom. Maintain the same group 
organization as in the field. Student No. 1 can pick 
up one storage box for each member of his group. 
Student No. 2 should get 10 insect pins for each mem- 
ber. Student No. 3—pick up foam plastic or cor- 
rugated cardboard to be cut and fitted into the bottom 
of the storage boxes. Student No. 4 can pick up one 
insect mounting kit. 

A4. Storage boxes. First prepare the storage boxes 
which will hold the mounted insects. Cigar boxes are 
an old standby for entomologists, but any box at least 
2% inches deep, with firm sides and good cover will 
do. Half pint, rolled edge, liquid tight, paper con- 
tainers normally used for ice cream serve very well for 
small collections such as those made in the school exer- 
cise described here (figure 7). A soft material must 
be placed in the bottom of the box to hold the pin. 
The best material is polyethylene plastic foam. Poly- 
styrene plastic foam commonly used as Christmas dec- 
orating material or as packing containers for small 
radios and other appliances will do if paradichloroben- 
zene moth crystals are not used to protect your collec- 
tion. Polystyrene becomes a liquid in the fumes of 
paradichlorbenzene. Soft corrugated cardboard used in 
packing boxes can be used if plastic is not available, 
but you may have difficulty in finding boxes which 
are soft enough for the pins. Cut the bottom material 
so it fits tightly into the box, or glue it to the bottom. 
Put your name on the bottom or side of your box. For 
larger collections, use cigar boxes or the large, glass- 
topped display case described in section A15. 

A5. Collection protection. Carpet beetles and their 
relatives are always a threat to dried insect collections. 
The larvae naturally feed on dead insects and will soon 
destroy a collection unless you take protective measures. 
Keep it continually fumigated by placing moth crystals 
(paradichlorbenzene) or moth flakes (naphthalene) in 
small boxes or packets in the storage box. An alter- 
native method is storing storage boxes in an airtight 
cabinet or box and placing the moth balls in it. An un- 
protected insect collection has a very short life expect- 
ancy. 

A6. Pinning insect specimens. Pin the insects so 
you can examine them. The pin serves as a handle 
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and the insects can be manipulated without breakage. 
They can be turned upside down and the characters on 
the ventral side can be seen. Purchase special insect 
pins made of good rust proof steel, that bends slightly 
but will not stay bent under ordinary use; and long 
enough to hold several labels as well as the insect. 
Ordinary sewing pins are too short, too thick, and 
very often will corrode enough in a year to destroy 
the insect specimen. Pin sizes ranging from 000 to 6 
are available. Size 3 is satisfactory for all but the 
most specialized collections. (Size 1 is very thin but 
can be used by the beginner. Size 3 is large enough 
for any but the largest tropical beetles.) Insects too 
small to be mounted on No. 3 pins can be glued to 
pinned paper triangles. Generally speaking, the pin is 
run through the insect somewhere near the middle, at 
the widest part of the body between the hind wings. 
Pin the insect just a little to the right of the midline. 
The dot (*) on figures 91 through 113 indicates the 
recommended pin position. Leave about 3; inch of the 
pin above the insect (figures 8, 10). 

A7. Reports, records, and labels indicating biology 
of the specimens. The value of an insect collection lies 
in the biological information associated with the spec- 
imens. Food plant or prey is of great interest. The 
particular habitat, time of day, weather, and tempera- 
ture at time of capture may be useful. The entomologists 
have now named almost every insect in the eastern 
United States, and are now becoming more interested 
in what the insect does rather than what it is. Such 
information can be placed in the catalog, or put on 
labels attached to the pin (figures 10 and 11). 

A8. There are more than 20,000 species of insects in 
New York State. Since most species transform through 
four or more different stages, there may be almost 
100,000 different insect forms. Identification, there- 
fore, is one of the most disconcerting aspects of insect 
study. Since most books deal almost exclusively with 
adults, the beginner should collect only winged insects. 
These are adults and you will have a better chance of 
putting the correct names on them. 

Insects, the Little Golden Guide by Zim & Cottam, 
is useful for the beginning collector. However, it deals 
with only 225 species and even the beginner will pick 
up many kinds not included. A Field Guide to the In- 
sects by Borror and White (1,300 illustrations), and 
the Field Book of Insects by Lutz (800 illustrations) 
are much more useful, both for identification and for 
interesting information about the insects. The Field 
Guide is most complete and up-to-date at present time 
and should be available for anyone doing serious work 
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with insects. Comparison between a specimen and the 
illustrations in one of these books is usually the first step 
in naming your captures. An accurately named collec- 
tion will provide an easier tool for identification, but 
is rarely available, although any school can maintain 
such a collection built up by student activities. 

Several college text books in entomology are avail- 
able. An Introduction to the Study of Insects by Bor- 
ror and DeLong is most complete. This type of book 
has keys to the identification of insect families, thus 
making is possible to put at least a family name on nearly 
every specimen in your collection. The keys, however, 
may be difficult, and require experience for satisfactory 
use. A key to the orders is provided on page 40. 
It would be to your advantage to run several different, 
well-known insects through the key just to learn its use. 

A key to the identification of an insect is a series of 
paired descriptive statements. The two descriptions 
in each couplet are mutually exclusive — only one of 
them will apply to the specimen you wish to identify. 
Always start with couplet 1, decide which statement 


Figure 8 


To mount a tiny insect on a paper point when it is too 
small to pin directly: 


1. Cut and pin a small paper triangle as shown at left. 


2. Place the insect on its back, legs up, with the head 
away from you. 


3. Hold the point of the pin in your right hand. 


4. Touch the tip of the paper point to a drop of glue 
(Duco cement, clear nail polish, etc.) so there is 
a small drop of glue on the paper point. 


5. Reach over the insect and touch the glued tip of 
the point to the underside of the insect between the 
middle and hind legs. 


6. Arrange the insect in proper position with another 
pin or forceps. 


agrees with the specimen and note the number at 
the end of that statement on the right margin of the 
text. This number indicates the next couplet to be 
checked. Go to this couplet, again decide which state- 
ment describes your specimen and again note the num- 
ber of the next couplet to be checked. Continue in this 
manner until a decision leads you to a name. This is 
the name of your specimen if you have made no mis- 
takes and’ if your unknown has been included in the 
key. 

As an example try to run a grasshopper through the 
key on page 40. In the first couplet you must decide 
that the front wings of the grasshopper are tough and 
leathery or parchment-like in comparison with the hind 
wings. This decision leads to couplet 2. Grasshoppers 
have jaws (mandibles) for chewing food so go next to 
couplet 4. The specimen does not have forcepslike 
cerci at the end of the body as shown in figure 98 so 
move on to couplet 5. Since a grasshopper fits the 
description in 5b rather than 5a apply the name Or- 
thoptera to it. 


The following data should be recorded. 
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Catalog (Collection Record) 


Collector’s name: 
——— | 
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Anthropods frequently seen on land or in fresh water 


Order 


Class Crustacea 


Branchiopoda 
Copepoda 
Ostracoda 
Amphipoda 
Isopoda 
Decapoda 


Class Diplopoda 
Class Chilopoda 
Class Symphyla 
Class Tardigrada 


Class Arachnida 
Scorpionida 
Chelonethida 
Phalangida 
Acarina 
Araneida 


Class Insecta 


Thysanura 
Collembola 
Ephemeroptera 
Odonata 
Orthoptera 


Isoptera 
Plecoptera 
Dermaptera 
Psocoptera 
Mallophaga 
Anoplura 
Thysanoptera 
Hemiptera 


Homoptera 


Neuroptera 
Coleoptera 
Strepsiptera 
Mecoptera 
Trichoptera 
Lepidoptera 
Diptera 
Siphonaptera 
Hymenoptera 


Common Names 


_ Crustaceans 

Fairy Shrimps, Water-Fleas 
Copepods 

Ostracods 

Beach-Fleas, Sand-Fleas 

Sowbugs, Pillbugs 

Lobsters, Crayfish, Crabs, Shrimps 


Millipedes 
Centipedes 
Symphylids (rarely seen) 


Water-Bears, Tardigrades (rarely seen) 


Scorpions 

Pseudoscorpions 
Harvestmen, Daddy-Longlegs 
Mites, Ticks, Chiggers 
Spiders, Tarantulas 


Bristletails, Silverfish, Firebrats 

Springtails, Snowfleas 

Mayflies 

Dragonflies, Damselflies 

Grasshoppers, Locusts, Katydids, Crickets, Mantids, Walk- 
ing Sticks, Cockroaches 

Termites 

Stoneflies 

Earwigs 

Psocids, Booklice, Barklice (=Corrodentia) 

Chewing Lice, Biting Lice 

Sucking Lice 

Thrips 

True Bugs, Water Striders, Water Scorpions, Back Swim- 
mers, Water Boatmen 

Cicadas, Froghoppers, Treehoppers, Leafhoppers, Aphids, 
Plant-Lice, Whiteflies, Scale Insects 

Lacewings, Ant Lions, Dobsonflies, Alderflies 

Beetles, Weevils 

Twisted-Winged Insects (rarely seen) 

Scorpionflies 

Caddisflies 

Moths, Butterflies, Skippers 

True Flies, Midges, Mosquitoes, Gnats, Sheepticks 

Fleas 

Bees, Ants, Wasps, Hornets, Sawflies, Horntails, Ichneu- 
mons, Chalcids, Braconids 
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Families of common and frequently collected insects 


This is not a complete list. Numbers indicate page and position 
on page of the family in the Field Guide to the Insects, by Borror and White, 
which does describe nearly all insect families. H = plant feeder, Pr = pred- 


ator, Pa = parasite, S = scavenger (most members of a family). 


THYSANURA 


Si 61.4 Lepismatidae silverfish and firebrat 
COLLEMBOLA 

=) 64.3 Poduridae snowfleas and podurid springtails 

= 64.3 Entomobryidae elongate-bodied springtails 

a 64.9 Sminthuridae globular springtails 
EPHEMEROPTERA 

ri 66.4 Ephemeridae burrowing mayflies 

Pe 66.6 Heptageiniidae stream mayflies 

Pre 66.8 Baetidae small mayflies 
ODONATA 

Pr 70.7 + Aeshnidae darners and dragonflies 

Pr 72.7 Libellulidae common skimmers and dragonflies 

Pr 74.7 Coenagrionidae narrow-winged damselflies 
ORTHUPTERSA 

H 78.3 Acrididae short-horned grasshoppers 

H 80.3 Tettigoniidae long-horned grasshoppers 

rr 82.4 Gryllacrididae camel crickets 

H 82.9 Gryllidae crickets 

Pr 86.1 Mantidae mantids 

H 86.5 Phasmatidae walking sticks 

BS 86.7 Blattidae cockroaches 
ISOPTERSA 

aS 90.0 Rhinotermitidae subterranean termite 
PLECOSDERA 

Pr 93.2 Perlidae common stoneflies 

PrH 94.0 Isoperlidae green-winged stoneflies 

H 94.8 Pteronarcidae giant stoneflies 

H 96.8 Capnidae small winter stoneflies 
DERMAPTERA 

HS 98.7 Forficulidae common earwigs 
HEMIPTERA 

Pr 112.8 Corixidae water boatmen 

Pr 113.1 Notonectidae back swimmers 

Pr 114.0 Nepidae water scorpions 

rr 114.3 Belostomatidae giant water bugs 

Pr 116.2 Gerridae water striders 

H 118.0 Miridae leaf bugs and plant bugs 

Pr 118.8 Phymatidae ambush bugs 

Pr 119.0 Reduviidae assassin bugs 

le 120.2 Nabidae damsel bugs 

H 120.6 Tingidae lace bugs 

H 122.0 Lygaeidae seed bugs 

H 122.3 Pyrrhocoridae red bugs and stainers 

PrH 122.5 Coreidae leaf-footed bugs 

H 123.0 Coriscidae broad-headed bugs 

H 126.3 Corimelaenidae negro bugs 

H 126.5 Scutelleridae shield bugs 

HPr 1268 Petatomidae stink bugs 
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129.0 
129.0 
129.3 
129.6 
132.2 
132.4 
isan 
135.0 
138.4 
138.8 


140.9 
141.2 
144.2 


[51:3 
152.1 
154.0 
154.7 
156.0 
156.3 
158.8 
160.1 
162.5 
162.8 
163.1 
164.1 
165.1 
166.8 
169.1 
i7s. 
176.6 
178.3 
180.3 
184.2 
185.1 
186.1 
190.7 
192.1 
196.0 
198.0 


202.4 


210.0 


214.5 
214.7 
215.1 
216.5 


222.4 


224.0 
224.4 
226.2 
226.9 
228.3 
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HOMOPTERA 

Cicadidae cicadas 

Membracidae treehoppers 

Cercopidae froghoppers and spittlebugs 

Cicadellidae leafhoppers 

Acanaloniidae acanaloniid planthoppers 

Flatidae flatid planthoppers 

Dictyopharidae dictyopharid planthoppers 

Aphididae aphids 

Diaspididae armored scales 

Coccidae wax and tortoise scales 
NEUROPTERA 

Corydalidae dobsonflies and fishflies 

Sialidae alderflies 

Chrysopidae green lacewings 
COLEOPTERA 

Cicindelidae tiger beetles 

Carabidae ground beetles 

Dytiscidae predaceous diving beetles 

Gyrinidae whirligig beetles 

Histeridae hister beetles 

Hydrophilidae water scavenger beetles 

Silphidae carrion beetles 

Staphylinidae rove beetles 

Cantharidae soldier beetles 

Lampyridae lightningbugs or fireflies 

Lycidae net-winged beetles 

Dermestidae dermestid beetles 

Cleridae checkered beetles 

Elateridae click beetles and wireworms 

Buprestidae metallic wood-boring beetles 

Languriidae lizard beetles 

Frotylidae pleasing fungus beetles 

Phalacridae shining flower beetles 

Coccinellidae lady beetles or ladybird beetles 

Meloidae blister beetles 

Mordellidae tumbling flower beetles 

Tenebrionidae darkling beetles 

Lucanidae stag beetles 

Scarabaeidae scarab beetles 

Cerambycidae long-horned beetles 

Chrysomelidae leaf beetles, flea beetles, and tortoise 

beetles 

Curculionidae weevils and snout beetles 
MECOPTERA 

Panorpidae common scorpionflies 
TRIGHOPTERA 

Phryganeidae large caddisflies _ 

Limnephilidae northern caddisflies — 

Hydropsychidae net-spinning caddisflies 

Lepidostomatidae lepidostomatid caddisflies 
LEPIDOPTERA 

Papilionidae swallowtails 

Pieridae whites, sulfurs, cabbage butterflies 

Lycaenidae blues and coppers _ 

Nymphalidae brush-footed butterflies 

Satyridae nymphs and satyrs 

Danaidae milkweed butterflies 
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228.8 
230.3 
232.0 
232.6 
234.0 
234.8 
236.1 
236.8 
238.0 
238.6 
246.0 
248.0 
248.3 


262.2 
266.0 
268.5 
274.0 
274.7 
276.8 
278.2 
278.7 
281.0 
288.0 
288.8 
298.1 
300.8 
306.0 
306.4 
306.7 
307.0 


308.8 


314.6 
320.8 
322.0 
324.9 
328.0 
330.3 
330.5 
332.6 
338.8 
344.5 
346.6 
350.2 
356.0 
356.4 
356.8 
358.0 
358.1 
358.4 


Hesperidae 
Sphingidae 
Saturniidae 
Citheroniidae 
Geometridae 
Notodontidae 


Lasiocampidae 


Ctenuchidae 
Arctiidae 
Noctuidae 
Pyralidae 
Olethreutidae 
Tortricidae 


DIPTERA 


Tipulidae 
Culicidae 
Simuliidae 
Tabanidae 
Rhagionidae 
Asilidae 
Bombyliidae 


Dolichopodidae 


Syrphidae 
Otitidae 
Tephritidae 
Chloropidae 
Drosophilidae 
Muscidae 
Tachinidae 
Calliphoridae 


Sarcophagidae 


skippers 

sphinx or hawk moths 
giant silkworm moths 
royal moths 

geometers and inchworm moths 
prominents 
tent caterpillars and lappet moths 
ctenuchid moths 

tiger moths 

noctuids and cutworm moths 
pyralid moths 

olethreutid moths 

tortricid moths 


crane flies 
mosquitoes 

black flies 

horse flies and deer flies 
snipe flies 

robber flies 

bee flies 
long-legged flies 
syrphid flies 
picture-winged flies 
fruit flies (part) 
frit flies 


pomace flies and fruit flies (part) 


house fly and muscid flies 
tachinid flies 

blow flies 

flesh flies 


ot PO NAP LE RA 


Pulicidae 


common fleas 


HYMENOPTERA 


Tenthredinidae 


Braconidae 


Ichneumonidae 


Eulophidae 
Chalcididae 
Eurytomidae 
Perilampidae 
Cynipidae 
Chrysididae 
Formicidae 
Vespidae 
Sphecidae 
Colletidae 
Andrenidae 
Halictidae 
Melittidae 
Megachilidae 
Apidae 


common sawflies 

braconid wasps 

ichneumonid wasps 

eulophid wasps 

chalcid wasps 

eurytomid wasps 

perilampid wasps 

cynipid wasps and gall wasps 
cuckoo wasps 

ants 

hornets and paper wasps 
sphecid wasps 

yellow-faced and plasterer bees 
andrenid bees 

halictid bees 

melittid bees 

leafcutting bees 


honey bees, bumble bees, digger bees 
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Figure 12. The Food Chain in a Natural Habitat 
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A9. Mark specimens in the project A collection for a predator ; orange for a parasite; green for an her- 
to indicate their position in the food chain (figure 12). bivore; black for a scavenger; and yellow for a pollin- 
This can be done by cutting and pinning a small col- ator. Almost all pollinators will bear two tags. 


ored tag to each specimen (figure 10). Use a red tag 


Catalog numbers or names 


Herbivores (green) 


Predators (red) 
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Pollinators (yellow) 


Additional and Alternative Techniques 
in Making an Insect Collection 


Al0. Relaxing an Insect Specimen 


Because of their hard exoskeleton, insects can be pre- 
served indefinitely merely by drying. Best results in 
mounting are obtained by pinning and spreading while 
the insects are still flexible, immediately after being 
killed. If impractical to mount them so soon, pack in 
envelopes or small cardboard boxes and store where 
carpet beetles and mold cannot attack them. The mold 
danger is increased if the insects are not perfectly dry 
when placed in glass or plastic vials. Insects, extremely 
fragile when dry, should never be handled when dry 
nor should the envelope be opened. 

An insect specimen can later be “ relaxed,” spread, 
and mounted in a desired position by placing it (still in 
its envelope or box) in a moist chamber. The simplest 
relaxing chamber consists of a large glass with two 
or three crumpled paper towels in the bottom. Put 
enough water on the paper to wet it, but not so much 
that there is any free water in the jar. 

Place the storage envelopes in the jar and close the 
jar. Usually 12 hours is enough time to moisten the 
insects so the joints are flexible and the legs, antennae, 
and wings can be moved without breaking. If appendages 
are still stiff, leave the insect in the relaxing jar for a 
longer period of time. 

Mold is always a threat to any specimen in a moist 
situation, so steps must be taken to avoid leaving the 
insect in a relaxing jar for too long a time. Danger from 
mold can be reduced by placing moth crystals (paradi- 
chlorobenzene or naphthalene) or carbolic acid (such as 
“ Lysol’’) in the jar. Prevent carbolic acid from getting 
on the insect. 


‘ 


All. Mounting Moths and Butterflies 


1. Section A6 describes the method for pinning an 
insect. Do not pin any specimen you plan to mount on 
cotton, under glass. In either case, moths, butterflies 
and some other insects should be spread on a board 
(figure 14) and allowed to dry while the wings are held 
in the desired position. Three to 10 days may be 
required, depending on the size of the insect and room 
humidity. 


[16] 


insect in 
envelope 


moist paper 
towels 


moth flakes 


Figure 13 


2. Place the body of the specimen in the slot of the 
spreading board. Hold the body in place with a pin 
on each side of the head and on each side of the body, 
just behind the wings (figure 14). 

3. Use a very fine pin to move one front wing to the 
desired position (figure 15). Hook this pin just behind 
a vein so the wing will not be torn. Do the same with 
the hind wing on the same side. 

4. Cut a thin (14 inch) strip of heavy paper and pin 
in over the spread wings (figure 15) to hold the wings 
in position. Place this strip very close to the body. Re- 
move the pins used to move the wings into position. 

5. Repeat this procedure with the wings on the 
other side. Check to be sure your specimen is sym- 
metrical. 

6. Place a broader strip of paper over the rest of 
the wing surface on each side (figure 16). Arrange 
legs and antennae and hold in position with pins. Set 
the board in a safe place to dry. 


7. When the specimen is dry, remove the pins and 
strips of paper and add labels. 
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Dragonflies 


Dragonflies may be spread and dried with the same 
method used for butterflies. An alternative method, 
used more often, is to fold the wings together over the 
back and pin. the insect through the sides. 


Figure 17 


Al2. Killing and Preserving Fluid for Soft-Bodied 
Insects 


Preserve spiders, grubs, caterpillars, maggots, and 
other soft-bodied insects in 70 percent ethyl alcohol. 
Frequently specimens become shriveled and sometimes 
discolored if dropped directly into the alcohol. Kill 
them in water heated just to boiling, or in a killing 
fluid mixed as follows. 


Grose eee se eee 1 part 
Alcohol (95 percent ethyl alcohol) .............. 10 parts 
Acetic: Acid otitis) car eee teas 2 parts 
Dioxane (may be omitted if the kerosene 

mixes with the other ingredients)............ 1 part 


Leave the insect in the K.A.A.D. for several hours 
and then transfer to 70 percent alcohol for permanent 
storage. Most “ rubbing alcohol ”’ is made of isopropyl 
alcohol, but ethyl alcohol can usually be found at drug 
stores in your community. 

Any other insects, except moths, butterflies, fuzzy 
flies, and bees can be stored in alcohol. 

Store soft-bodied insects in alcohol in small bottles, 
vials, or test tubes. Figure 9 shows a 4 dram, home- 


opathic, glass vial with a neoprene stopper. This type 
of vial is perhaps the best container for wet collections, 
although rather expensive (vials are priced at 7¢ and 
stoppers at 5¢ in current catalogs). Natural cork 
stoppers are less expensive but sometimes permit the 
alcohol to evaporate in a few months, thus destroying 
the specimen. Use of 10 dram, plastic, snap-cap vials 
is cheaper (figure 18). These plastic vials can be ob- 
tained from many drug stores for about $5 per gross. 
However, fluids escape very quickly. If you wish to 
use these vials, half fill with alcohol and store in larger 
glass jars (such as 1 quart mayonnaise jars). Add 
about a cup of alcohol to the jar and check every few 
months to prevent drying. 


Al3. Dry Preservation of Soft-Bodied Insects 


Soft-bodied insects such as caterpillars, grubs, and 
maggots can be preserved by drying using the following 
method. : 

1. Kill the insect in hot water or K.A.A.D. to extend 
it and harden the tissues. Preserve in 70 percent ethyl 
alcohol indefinitely or until ready to dry. 

2. Transfer the specimen to a jar of acetone for $ 
to several hours, depending on the size of the specimen. 
The acetone will remove water and fats or oils from 
the body. Many specimens or large ones will dilute and 
contaminate the acetone, so the specimen should be 


Figure 18 
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Figure 21 


transferred again to another jar of fresh acetone. Un- 
less all water and grease is removed, the specimen will 
not dry properly. 

3. Remove the specimen from acetone and place on a 
paper towel. Put the paper towel and specimen under 
an electric light to dry. A goose-neck lamp works very 
well. Tilt the lamp so the bulb is very close to the 
specimen — 1 to 3 inches if a 60 watt bulb is used. 
Leave the specimen there until completely dry. This 
may take a few minutes for small insects or a few hours 
for large ones such as tomato hornworms. 


Acetone evaporates quickly and maintains enough 
pressure when heated to inflate and keep the body of 
the insect expanded until dry. The specimen will col- 
lapse if the distance to the heat source is too great. 
Small specimens will burst if placed too close to the 
light bulb. A little experience will teach you how to 
adjust specimens to the right temperatures. 

4. Dried specimens, extremely fragile, must be 
handled with great care but can be treated in the same 
manner as harder-bodied insects. They can be pinned, 
glued to paper points or wires attached to pins, or 
placed in Riker mounts. 

Unfortunately, specimens dried in this way become 
faded. Greens and yellows may disappear completely 
and reds and browns lose their intensity. 


Al4. Riker Mount 


The Riker mount, another popular type of storage- 
display box, has the disadvantage of holding the insect 
specimen in a single position thus preventing exam- 
ination of the underside. Its advantage lies in the 
greater protection given the specimens and the reduced 
space required for a collection. To make a Riker 
mount, use a flat box about 34 inch deep. Fill it with 


Figure 22 


cotton. Cut the center of the top out, leaving an edge 
about 44 inch. Cut a piece of glass as wide and as 
long as the box top. Place the glass on top of the box 
top (outside) and seal down with tape. Place the 
insects on the cotton in the box and replace the top. 
Seal by running pins through the sides, or by tape. Store 
this box in a cabinet or container with moth balls to 
protect the specimens from carpet beetles. 
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Al15. This glass topped display box is similar to the 
one recommended for 4-H projects, but is easier to make 
and requires fewer special tools. 


Figure 23 
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Additional Projects 


ject B. Intermediate General Collection. 

- Make a collection of 50 different species. Notebook 
records should be prepared as in project A. ( ) 
Include 10 orders of insects (see next page). (  ) 
Include 3 orders of arthropods other than 


Project C. Insect Architects 


Make a collection of at least six different kinds of 
ee houses,” that is, structures made by the insects 
q themselves or produced by insects. How does the 
insect make each of them? Is the structure made of 
material from the insect’s body, from living plant 
material, or other material? Know to what order the 


Catalog Type of structure 


number 
Insect responsible 


insects. 3 
Include 3 species beneficial to man. 
catalog 
eee itt SE eK) 
a 3 
— 3 


Include 3 species harmful to man. 


catalog 
number SE ee se 
ee ( ) 
, ——______——. (_ ) 
Include three species too small to mount on 
pins. 
catalog 
number ED OA oe 
: (-) 
“ ‘4 


insect belongs and what stages of its life cycle can be 
found within. 

These structures provide some protection to the 
insect, its eggs, growing larvae, or pupa. Examples are: 
wasp nests, caterpillar tents, caddis cases, and insect 
galls. For further information see The New York 
State Conservationist, April 1962. 


Material used 


Order 
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Project D. Predators 


Make a collection of 10 different insects which capture and feed on other insects 
(predators). Predators must be captured while still holding their prey. 


the predator and prey side by side in the collection. Give each a separate 


number. 
predator 
prey 
predator 
prey 


predator 


i ee eS a 


predator 


prey 


predator 


prey 


predator 


prey 


predator 
prey 
predator 
prey 


predator 


prey 


predator 


prey 


order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 
order 


order 


cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 
cat. 


cat. 


no. 


no. 


no. 


no. 


no. 


no. 


no. 


no, 


no. 


no. 


no. 


no. 


no. 


no. 


no. 


no. 


no. 


no, 


no. 


no. 


Mount 
catalog 


Project E. Parasites Reared From Insect Hosts 


Make a collection of six different kinds of parasites including both Diptera and 
Hymenoptera. Each specimen should be accompanied by the remains of the insect 
host on which it developed. Collect also insect specimens diseased by fungi which 
produce recognizable fruiting bodies. . 

Capture and rear a large number of nearly full-grown larvae or collect a num- 
ber of pupae. Treat them as you would for project J. Look especially for those 
which appear to be sick or dead. Keep them in very tight cages and watch for 
parasitic flies or wasps which may emerge from the dead bodies 3 or 4 weeks after 
the host dies. Cocoons which do not hatch may contain parasites so keep them 
for several weeks after others of the same kind have produced moths. 
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Project F. Rear Mosquitoes From Larva to Adult 


Mosquitoes are very easy to rear. Catch wigglers 
with a cup or kitchen strainer (fine mesh). Half fill 
a pint or quart jar with water from the pool in which 
you found the wigglers and rear the wigglers in it. 
Cover with a piece of cloth to keep adults from getting 
loose. 

Eggs are laid on water or ground that is likely to be 
flooded. Most mosquitoes scatter their eggs, but some 
species lay eggs in small masses (rafts) which float on 
the surface of the water. 

Larvae live in water and can be found from April to 
October. The manner of swimming has given them the 
name “ wigglers.” These wigglers must breathe air, and 
at the caudal end of the body spiracles thrust up through 
the water’s surface. In most species, larvae feed on 
algae and organic debris. Usually there is enough such 
matter in the water in which larvae are found to supply 
food until maturity is reached. Culicine mosquitoes 
(Aedes and Culex) have spiracles on the end of a long 
siphon and can be recognized by the presence of the 
siphon and habit of hanging head down from the surface 
of the water while breathing. Anopheline mosquitoes 
(Anopheles) do not have a long siphon and rest parallel 
with, and just below the surface of the water when 
taking in air. 

Mosquito pupae are quite active and different from 
most other insects. The comma-shaped pupa can be 
seen swimming to the surface of the water to breathe. 


cloth cover - 


rubber band 
or string 


glass jar 


water from 
pond or pool 


pupa 


larva 


Figure 24 


In this stage, the air-breathing spiracles are on the 
thorax. 

Adults emerge from the pupal skin at the surface of 
the water, and can alight on the glass sides of the jar 
or even on the water. Only females can bite, and have 
relatively thin antennae. Males have bushy antennae. 
Anophelines, which can carry malaria, have spotted 
wings and stand on their heads when biting. Culicines, 
which can sometimes carry yellow fever, do not have 
spotted wings and rest parallel to the skin surface 
when biting. Mosquitoes carry disease pathogens only 
from some human or animal who has the disease. 


Project G. Life Cycle of Goldenrod Ball Gall Fly 


Observe development of the goldenrod ball gall fly 
through larval, pupal, and adult stages. Note that the 
young fly (larva) looks nothing like the adult. Observe 
parasites and predators and note their effect on the fly 
population. 

Many insects provide shelter by producing plant 
galls. A gall, typically an abnormally swollen, hollow 
portion of a living plant, is plant tissue stimulated to 
unusual growth by some secretion of the insect. Galls 
produced by various insects vary from a slight swelling 
to a very ornate structure which does not appear to 
belong to the plant. However, a single insect species 
produces only a single type of gall. 

One of the most easily found galls is the ball gall of 
goldenrod. This nearly spherical gall is produced by a 
dark brown fly with mottled wings. It spends the winter 
in the larval stage in the gall and can be found as an 
oval, headless, legless maggot. 

When warm weather returns, the larva changes to a 
pupa and later emerges from the gall as an adult winged 
fly. Eggs are laid in late May or early June in the 
terminal buds of goldenrod. After hatching from an 
egg, the young larva bores through the bud to the 


Figure 30 


Figures 25-29 


MOSQUITO LIFE CYCLE 
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water or on ground 
in water, are very active. 


likely to be flooded. 


Mosquito larvae, called wigglers, 
live in water but must breathe 
air from the surface. 
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meristematic tissue. Apparently the gall is produced in 
response to a chemical in the egg. A similar but more 
elongate gall is produced by the caterpillar of a small 
moth (figure 37). 


Other insects are sometimes found in these galls. A 
parasitic wasp, Eurytoma obtusiventris, often attacks 
and kills the gall maker. The larva of this wasp enters 
the body of the fly maggot, induces it to form a small 
pupa in the autumn, kills the pupa and then changes to a 
pupa itself inside the fly puparium. A second species of 
wasp, Lurytoma gigantea, also attacks and kills the gall 
fly larva. The larva of this wasp does not enter the 
body of its host, and can also feed on plant tissue of 
the gall. Therefore, its status as a parasite is in question. 
The larva of a small mordellid beetle, Mordellistena 
unicolor, is the third type of insect frequently found. 
This larva normally feeds on plant tissue and can 
survive on the gall tissue. When this larva does break 
into the central cavity of the gall, it attacks and destroys 
the gall fly larva and may, therefore, be considered an 
“ accidental predator ” of the gall fly. 
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Gall fly larva 
natural size 
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Wasp larva 


Gall with 
gall fly 
emergence 
hole 


For further information see the article by Lowell 
Uhler, 1951, ‘‘ Biology and ecology of the goldenrod ball 
fly, Eurosta solidaginis.” Cornell University Agricul- 
tural Experiment Station, Memoir 300. 


Collect a few galls in late summer or autumn, bring 
them into the classroom and open them. Observe the 
larva — color, size, shape. No change takes place during 
the winter, so the project can be suspended until the 
following spring. Since the larva may need a period of 
treezing temperatures before it will develop, the project 
should be continued (or started) in late winter or 
spring (February or March). Collect a large number 
of galls (30 or 40) and bring them into the classroom. 
Open a few and observe the larva. An empty cell and a 
rough hole in the gall (figure 36) indicates a bird has 
eaten the larva. Two or three types of larvae may be 
found (see discussion above and figures below). Record 
appearance of gall fly larva, and store the rest of the galls 
in a cage or large, covered jar. Four or 5 days later 
open several more galls and record observations. Repeat 
this procedure until flies begin to emerge from the galls 
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Figure 40 


. number of galls 


galls with living gall fly larvae but no 


other insects 


. galls with parasitized pupae 


galls with free wasp larvae or pupae 
galls with mordella beetles 
galls with some other insect 


galls opened by birds 


galls with nothing inside (possibly the 
larva was killed by disease or a parasite 


which died) 
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(approximately 2 or 3 weeks). Leave the rest of the 
galls in the cage for a few more weeks and watch for 
tiny black wasps or beetles to emerge. 


Insects, other than the gall fly, which may be found 
in or reared from ball galls of goldenrod. The small 
figure next to the numeral indicates the natural size of 
the insect. 

38. A eurytomid wasp, Eurytoma gigantea. A 
partial parasite of the gall fly, its larva does not enter 
the body of the fly larva. 

39. A mordellid beetle larva which may be a predator 
on the gall fly larva. 

40. A mordellid beetle adult, Mordellistena unicolor. 


Make observations on the reduction of an insect 
population by parasites and predators. Select an area 
with at least 50 goldenrod ball galls in autumn. Divide 
this area into two sections so each section has about 
half. Do not disturb section 1 but count the number of 
galls and mark the section so you can find it in the 
spring. Collect all the galls in section 2 and bring into 
the classroom. Do not miss any, even the little ones, 
but count only those produced by the ball gall fly. 
Open the collected galls and record the following data: 


Collect and open the galls in section 1 during March 
or early April. Record data as described above. Com- 
pare the recorded data for the two dates. What per- 
centage of the flies survived to start the next generation ? 


Autumn Spring 
number | 9% number | % 
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Project H. 


Identity of a Family and Variation Within 
a Species 


Lady Beetles of New York 
Lady bug, lady bug, fly away home, 


Your house is on fire, your children will roam, 


Except little Nan, who sits in a pan 


Weaving gold laces as fast as she can. 


‘Figure 41. Coccinella venusta 


Lady Beetles of New York 


The following species are figured here: 


Figure 42. 
43, 


44, 


45. 


46. 
47. 


48. 
49, 


50. 


Hippodamia glacialis, the glacial lady beetle. 

Hippodamia parenthesis, the parenthesis 
lady beetle. 

Coleomegilla maculata, the spotted lady 
beetle (formerly called Megilla fuscila- 
bris). 

Hippodamia convergens, the convergent 
lady beetle. 

Naemia seriata. 

Hippodamia tredecempunctata, the thir- 
teen-spotted lady beetle. 

Coccinella novemnotata, the nine-spotted 
lady beetle. 

Coccinella trifasciata, the three-banded lady 
beetle. 

Coccinella transversalis, the transverse 
lady beetle. 


67. 


69, 


Epilachna borealis, the squash beetle, eats 
leaves of squash plants. 

Epilachna varivestis, the Mexican bean 
beetle, eats leaves of bean plants. 

Exochomus aethiops. 

Adalia bipunctata, the two-spotted lady 
beetle. 

Psyllobora vigintimaculata, the twenty- 
spotted lady beetle, eats fungus spores. 
Anatis quindecimpunctata, the fifteen-spot- 

ted lady beetle. 

Anatis ocellata mali, the eye-spotted lady 
beetle. 

Cycloneda munda, the red lady beetle. 

Adalia frigida. 

Adalia frigida. 

Mulsantina picta. 

Mulsantina picta. 

Mulsantina picta. 

Mulsantina hudsonica. 

Coccinella monticola. 

Rodolia cardinalis, the vedalia, not known 
from New York but figured here because 
it is one of the most famous beetles. It 
was introduced into California and 
Florida from Australia to help control 
the cottony cushion scale on citrus trees. 


Neomysia pullata. 

Coccidula lepida. 

Scymnus fraternus. Several other small 
species of Scymnus also occur in New 
York. 

Hippodamia parenthesis (see also figure 
a). 

Hippodanua parenthesis. 

Anisosticta strigata. 

Brachyacantha ursina. Several other species 
of Brachyacantha also occur in New 
York. 

Hippodamia convergens, larva (adult in 
figure 4). 

Hippodamia convergens, pupa. 

Harmonia similis, 

Chilocorus bivulnerus, the twice-stabbed 
lady beetle. 

Harmonia similis. 
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a 
Variation of elytral pattern in Hippodamia convergens. 


Figure 79 


Illustration from Determinate Evolution in the Color Pattern of the Lady Beetles, 
by Roswell H. Johnson, 1910, Carnegie Institution of Washington, Publication 
No. 122 


. The lady beetles are probably as familiar to us as any 

_ of the beetles. The old nursery rhyme above dates back 
to the middle ages. Even then the value of lady beetles 
in destroying harmful insects was realized. The nursery 
rhyme shows a knowledge too, of the life history of these 

_ small creatures, in referring to the time, after harvest, 
when the hop vines were burned. The lady beetle’s 
children (larvae which look nothing like their parents) 
would crawl away from the burning vines. The young 
lady beetles which have reached the yellow pupa stage, of 
course could not move, for they are fastened to the cast 
larval skin (the pan) which is, in turn, fastened to the 
leaf or stem of the plant. 

There are only a few species of lady beetles in New 
York. The larger and more common ones are shown on 
the following page. All but three are considered to be 
beneficial, eating such other small insects as aphids and 
scale insects. Two eat leaves of bean or squash plants 
and are harmful; and one apparently lives on spores of 
certain fungi. The name lady beetle can be applied to 
any of the beetles belonging to the family Coccinellidae 
(cock-sin-ell’-id-ee). They are sometimes also called 
ladybird beetles or ladybugs. Some of the species have 
specific common names, but most have only a Latin or 
scientific name. 

Most species of lady beetles are fairly easy to identify 
but some other beetles look similar. In members of the 
Coccinellidae, the tarsus (foot) consists of three seg- 
ments. The second segment is dilated. Most species 
can be recognized by the markings on the head, thorax, 

and elytra, but color and color pattern in some insects 
and other animals are extremely variable (think of 
blondes, red heads, and brunettes in the human species). 

-Information on the use of lady beetles as predators 
in controlling aphids and scale insects can be found in 

___ the book, Beneficial Insects, by Lester A. Swan. 

Make a collection of lady beetles, identify them to 
species, and examine a series of one species. Look for 
differences in color, size, and number of spots or stripes. 
Note that there is variation within a species as there 

is in human beings. Place a few of the beetles in a 
small cage, such as a petri dish or 1-quart giass jar. 
Locate an aphid colony and place it in the beetle cage. 
Aphids can usually be found on rose bushes, poplar 

_ trees, goldenrod, and other weeds. Cut the twig or leaf 
and put the base of it in water (figures 81, 82). The 

_ aphids drop off the plant when it is cut, so hold a dish 

or piece of paper under them when collecting the colony. 
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They will crawl back to the twig after you place them 
in the cage. 


Project I. Hornets 


Hornets and yellow jackets are fascinating creatures, 
although somewhat dangerous. Perhaps this danger 
makes them so interesting. For most people, the hornet 
sting is quite painful, remains swollen, and itches for 
several days. Some individuals develop an allergy to the 
hornet’s venom, and the anaphylactic shock which 
follows a sting may produce death in a short time. For 
this reason hornets should be treated with respect. 

At times it is desirable to kill the hornets, either 
because they are a pest in a particular area, or to open 
and examine the nest. The latter must be done with 
much circumspection because inhabitants of the nest 
rush out in fighting form if the nest is disturbed. Insec- 
ticides, now being packaged in aerosol type containers, 
will spray a hornet or wasp nest from a distance of 10 
to 15 feet. These sprays will kill the flying insects, 
although several days may pass before all are dead. 

Engine starter is one of the best weapons for com- 
bating a nest of hornets or yellow jackets. This is 
basically ethyl ether in an aerosol spray can, available 
in auto supply stores. Normal use is to spray the ether 
into the air intake of an automobile engine for easier 
engine starting on cold days. 

Approach the nest at night, 2 or 3 hours after sunset. 
By this time all of the insects are usually nested. Ap- 
proach carefully and check with a flashlight to be sure 
all are inside. If there are a few still outside the nest, 
return another night. If all are inside, the operation 
can begin. Spray the ether into the opening of the nest 
for 3 or 4 seconds with a steady blast. The cold spray 
and the anaesthetizing ether will knock the hornets 
down almost immediately, at least those near the open- 
ing. Others will work their way down to the opening 
and must be sprayed as they appear at the doorway. 
After 5 to 10 minutes all buzzing sound will stop, in- 
dicating the hornets have all been immobilized. The 
nest can then be cut out of the tree or off the building to 
which it was attached. Place the nest in a tight can or 
box and pour on ethyl acetate or gasoline to kill the 
hornets. Some hornets will recover from the ether in 
a few hours. Remember: ETHER, ETHYL ACE- 
TATE, AND GASOLINE ARE POISONOUS AND 
FLAMMABLE OR EXPLOSIVE! 
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Figures 80-85 


84 


BY OFA 


Pe one 
eS NC 


7 


Sleeve cage tied to tree 


ve 


& 4f Q 
y fa 
oa 


io 


Project J. Rearing Moths and Butterflies From Eggs 


Max Richter, of the Butterfly Farm and Museum, 
East Durham, N.Y., suggests the following procedures 
for rearing caterpillars. 

When you obtain eggs of a moth or butterfly, place 
them on absorbent paper and sprinkle lightly with a 
fine water sprayer. When dry again, place in a small 
glass jar lined on the bottom with absorbent paper. 
Cover the jar with glass or cardboard and put in a 
warm place (75 to 80 degrees F.). Do not put food 
into the jar with eggs. When eggs start to hatch, pre- 
pare another rearing jar by placing some leaves of the 
food plant in it. As caterpillars emerge, transfer them 
to this second jar. Most caterpillars are very particu- 
Jar and will eat leaves of only a very few plants. Be 
sure to offer the right food. 

Separate rearing jars should be used for caterpillars 
emerging on different days. In other words, do not 
put caterpillars of different ages together. Larvae which 
have not started feeding within 12 hours should be 
given a little sprinkling, but not in the hatching jar. 
After drinking their fill, they will more readily take to 
food. 

Continue rearing in this manner until the larvae have 
molted (shed their skins) for the third time, using larger 
and larger jars as they grow. Use wide mouthed jars 
and always have paper on the bottom. Never give wet 
or damp food, too much food in the jar at one time, or 
set the jar in direct sunlight. Do not overcrowd the 
caterpillars —the right number will be learned with 
a little experience. Mold is apt to grow in glass or 
metal cages so examine frequently and keep cages clean. 

After the third molt, transfer the larvae to a large 
rearing cage. Branches of the food plant can then be 
set in a bottle of water (figure 82) and placed in the 
cage. It is recommended, especially when “soft” plants 
are used, that the branches be replaced every 48 hours. 
Use the best, cleanest, most mature leaves possible. Only 
very young caterpillars should be given young plant 
shoots of food. The later stages can also be reared on 
the host plants without removing branches by placing 
caterpillars directly on the leaves and protecting from 
predators by covering the branch with a sleeve cage. 
A sleeve cage is a cloth cylinder made of netting slipped 
over a branch and tied at each end. 

A butterfly caterpillar forms a chrysalis above ground. 
Many moths spin silk cocoons above ground, often in- 
corporating hairs, leaves, or other debris. Most other 
moths do not make cocoons but change to pupae in cells 
in the earth. If you do not know which type of insect 
you are rearing, provide a box of earth. 


33 


A caterpillar ready to spin its cocoon usually changes 
in color, and its excrement changes from dry, hard 
balls to a half-liquid form. The caterpillar will begin 
to wander around and shrink markedly. At this time 
put each one in a separate paper bag with a few leaves 
of food plant. When a cocoon is complete, remove from 
the bag and place in an emergence cage. Pin the cocoon 
to the side of the cage, several inches above the bottom, 
taking care not to run the pin through the pupa inside 
the cocoon. 

For hawk moths and other insects which pupate in 
the ground, provide a box with 2 or 3 inches of sifted 
earth on the bottom. Place dampened moss on the sur- 
face and put the caterpillar in the box. Remove the 
pupa from the earth about 2 weeks after the caterpillar 
disappeared into it. Roll the pupa in paper, leaving 
the head end open, and place the rolled pupa on the 
moss or sawdust in the emergence cage. Dampen it 
occasionally. A small, open container of water in the 
emergence cage is desirable to maintain a higher hu- 
midity than is usually found in a classroom. 

The emergence cage should have sides of rough wood, 
or covered with coarse cloth or wire screen so the in- 
sect can hang on and climb up. Cover the bottom with 
damp moss or damp sawdust. The cage must be closed 
so the insect cannot escape. 


Project K. Life Cycle and Behavior of Tent Cater- 
pillars 


Raise tent caterpillars from egg to adult. Observe 
growth and development in distinct stages (egg, larva, 
pupa, and adult, and step by step growth in the larval 
stage rather than a gradual increase in size). This 
project extends from April to June. 

Obtain an egg mass from the small branches of wild 
cherry, apple, or peach trees. This mass, found through- 
out late summer, winter, and early spring, can be located 
easier in winter when the leaves are off the tree. Eggs 
hatch when buds open and new spring leaves start to 
develop. Bring in some branches without eggs a week 
or more before the eggs are brought indoors, so there 
will be a supply of food for the young caterpillars. Sup- 
plying an adequate amount of food for the caterpillars 
if they are started early can be a serious problem. Cut 
branches placed in water as quickly as possible will re- 
main green and fresh longer if the basal 4 or 5 inches 
of the branch are cut off under water then placed in 
a jug (figure 90). More than 100 caterpillars may 
hatch from one egg mass. This number will soon eat 
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Figures 86-89 


leaves faster than you can provide them, so, as the 
caterpillars grow, destroy most of them, leaving a pop- 
ulation of not more than 15 or 20. Small caterpillars 
will remain on the branches if the jugs holding branches 
are set in pans of water, and as long as there is an ade- 


quate food supply. After becoming 144 inches long 
caterpillars should be kept in a cage to prevent their 
wandering around the classroom. When fully grown, 
the caterpillars will naturally wander away from the 
food supply in search of a good place to spin cocoons. 


QUESTIONS TO ANSWER FROM DIRECT OBSERVATION OF TENT CATERPILLARS 


Where is the nest made? 

Do caterpillars remain in the nest all the time? 

Do caterpillars remain in the nest on bright, sunny days? 

Do caterpillars remain in the nest on dark, cloudy days? 

Do caterpillars make a trail of silk on their route to the 
leaves where they feed? 

What happens if this trail is destroyed (rubbed off) or 
covered by a branch or leaf? 

How do caterpillars act if their nest is removed or access 
to it broken? 

Will caterpillars build a new nest if their old one is 
removed ? 

Do caterpillars ever make bridges from one branch to 
another ? 


Do caterpillars eat leaves? flowers? bark? 

How do caterpillars eat? 

Do caterpillars eat all of the leaf? 

Do caterpillars drop any parts of a leaf? 

How long are caterpillars when just hatched? 

How long were caterpillars when you first measured 
them? 

How long were caterpillars a week later? 

How long were caterpillars when full grown? 

How much did caterpillars grow in a week, in length? 

How much did caterpillars grow in a week, in bulk? 

How do caterpillars walk? 

How many legs do caterpillars have? 


How many legs do caterpillars need to hold on to a 
branch? 

Can you watch a caterpillar molt (shed its skin) ? 

How does it do this? 

How does the head compare in size before and after 
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How does the caterpillar react when slightly disturbed 
(blow on them at a time when they are eating or 
moving about) ? 

How does the caterpillar react when greatly disturbed 
(poke one with a pencil) ? 


molting ? Are these reactions apt to be effective? 
How does the body compare in size before and after Are caterpillars gregarious? 
molting ? 

if Figure 90. 
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Activity Outlines and Notices 


Entomological Workshop 


The next meeting will be a “workshop” meeting. 
This means that in addition to the formal lecture you 
will take an active part in the activities of the meeting. 
You will actually mount insects, label them, prepare 
a catalog, identify to order (use a key), get some 
suggestions on storing and exhibiting your collection, 
and making some pieces of equipment. 

The price of admission is some small entomological 
item for exhibit. This can be an insect, a small col- 
lection, work done by insects, photographs, a piece of 
equipment, some observation you have made, a sugges- 
tion on how to work with insects, some article clipped 
from the newspaper, or any item you find interesting 
or think might be interesting to someone else. Here 
is a chance to show what you have been doing in en- 
tomology. 

Bring your entomological laboratory kit. The equip- 
ment needed in studying insects in the laboratory (class- 
room or at home) includes: insect pins, forceps, spread- 
ing board (for Lepidoptera and Odonata), pinning 
block, labels, cards (to make labels, strips for spread- 
ing insects, or points for tiny insects), points, glue 
(Duco or clear fingernail polish), shears, crow-quill 
pen and wiper, India ink, observation block, magnifying 
glass, and storage box (cigar box with soft pinning 
bottom). 

Bring your notebooks. These should contain blank 
pages for notes, catalog of specimens or field notes, in- 
formation leaflets distributed previously, and books or 
pamphlets dealing with insect identification. 

Bring some specimens which are either fresh or which 
have been relaxed and are limber enough to be pinned 
and spread at the meeting. We shall supply some in- 
sects but bring your own for more variety. Also bring 
some duplicates for trading. When you run across 
interesting insects which are fairly numerous, be sure 
to collect a few extra specimens for exchange. Perhaps 
you can trade them for something you do not have. 
This is one of the best ways of adding rare or unusual 
items to your collection. 

So remember! Bring to the meeting: an exhibit, 

a lab kit, 

notebook and 
references, 

specimens for trade 
and mounting. 


An Entomology Field Trip (Outline of Project A) 


Preliminary Considerations 


Select goals and plan activities. 
Observe the great variety of different species. 
Observe their activities. 
Make a collection of some of them. 
Identify the ones you collect. 
Determine their place in the food cycle. 
Consider their inter-relationships. 


Become familiar with some of the insects you may find. 

Study books or other references so you can recog- 
nize some of the more common kinds. 

Practice mounting and labeling insect specimens. 


Set a date for the trip. Also set an alternate rain 
date. Arrange for transportation if you plan to 
go beyond walking distance from the meeting place. 


Round up the equipment you will need: killing jars, 
nets, pins, storage boxes for the final collection, 
labels, magnifying glasses, and references. 


The Field Trip. The trip should run at least 2 hours 
in the afternoon, on a warm, sunny day. 


First few minutes. Review the goals, distribute equip- 
ment for collecting, orient yourself in the field. 
First 45 minutes. Scatter either in groups or singly 
and collect the insects you see. Observe some to 

learn their habits. 

Second 45 minutes. Return to starting point. Mount 
and identify the insects you have collected. Label 
and number them. Label each insect with a col- 
ored tag indicating its place in the food cycle. 

Last 30 minutes. Discuss observations ; answer ques- 
tions; draw conclusions about the wildlife commu- 
nity you have just examined. 


Followup 


Reenforce what has been learned by later discussions 
of observations made on the trip. Using this wildlife 
community as an example, go on to consideration of 
biological principles and applications, to a study of man’s 
place in nature and his effect on his environment. 


- In this 2-hour period the class will collect insects in the field, return to the 
classroom, mount, label, and identify each insect by name and indicate its position 
in the food chain. 

The collecting equipment will be assigned to certain members of each group 
but must be shared equally. For example, the person who has the collecting net 
is expected to take four or five sweeps, collect the insects from the net and give 
it to the member of his group with the next number. 

Try to collect at least one herbivore, one predator, one parasite, one scavenger 
and one pollinator for each student. The insects can be first captured in the plastic 
vials and transferred to the killing jars after examination and identification. Two 
collections are to be made. Each student should collect and mount two insects of 
each kind. One of these goes into the school collection and one into the student's 
own collection. 


IN THE FIELD 


A. Group Organization. 
1. Break the class into groups of four members each. 
2. Designate each group by letter (Group A, Group B, etc.). 
3. Within each group, designate each student by number (Student Number 
1, Student Number 2, etc.). 
B. Distribution of collecting equipment. 
All equipment must be returned to the instructor at the end of the class 
period. 
1. Student Number 1 of each group is to pick up one collector’s kit. 
2. Student Number 2— pick up one killing jar. 
3. Student Number 3— pick up one net. 
4. Student Number 4— pick up one clip board and one food chain note- 


book page. 


C. Spend approximately 40 minutes collecting in the field. Do not kill butterflies, 
caterpillars, frogs, and other soft-bodied animals. 


D. Return nets and clip boards to the instructor. 


E. Go to the classroom or assembly area. 


| 
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IN THE CLASSROOM 


Seat the students by group so they can work together. Equipment must be 
returned to the instructor at the end of the class period. Supplies need not be 
returned. 


F, Distribution of equipment and supplies. 


ly 


2. 


a: 


4. 


Student Number 1 — obtain one storage box (supplies) for each member 
of his group. 

Student Number 2— pick up 10 insect pins (supplies) for each member 
of his group. 

Student Number 3— pick up plastic or cardboard (supplies) to be cut 
and fitted into bottom of storage boxes. Don’t waste it but get enough 
for each member of the group. 

Student Number — pick up one insect mounting kit (equipment). 


G. Prepare boxes and mount and label insects. 


1. Cut plastic or cardboard pinning bottom to size and fit into box. 

2. Put your name on or in the storage box. 

3. Pin each insect. 

4. Put a locality and date label on each. 

5. Puta catalog number on each (your initials and a number, JAW #3). 

6. Identify each specimen. 

7. Place a colored tag on each specimen to indicate its place in the food chain 
(red for predator, orange for parasite, green for herbivore, black for 
scavenger, yellow for pollinator). 

8. Put an identification label on each (‘‘ Lady Beetle,” etc.). 

9. Place the pinned and labeled insect in the school collection or in your 
students’ collection. 

H. Cleanup. 

1. Student Number 1 — replace collector’s kit items and turn in. 

2. Student Number 2— return killing jars to instructor. 

3. Student Number 3— clean table and throw out waste paper, leaves, and 
other trash. 

4. Student Number 4—replace equipment of mounting kit and return to 
the instructor. 

EQUIPMENT 
Collector’s kit : sweep net Mounting kit: 
1 cloth carrying bag killing jar shears 
5 plastic vials with clip board glue 
cotton stoppers paper points 
1 hand lens notebook pages labels, locality 


labels, colored 


A Small Game Safari 


An Insect-Collecting Competition 


Form small groups of approximately five persons in 
each. Each group is to pick up one collecting kit (1 
paper bag containing: 1 killing jar; 1 empty jar; 5 
vials, one for each member of the group; 1 collection box 
with pinning bottom, pins, paper points and labels; a 
record sheet ; an outline of activity; and a net if one is 
available). 

Write your group name or number on the bag, box, 
and record sheet. Read the papers carefully so you will 
know what you should do, what to collect, and how to 
complete your project. 

Head for the fields, woods, and streams (open 
meadows are best). Collect the insects you find. There 
is only one killing jar for each group, but all members 
of the group can capture insects in the vials and then 
dump into the killing jar or into the empty jar. No 
collecting is allowed within 200 feet of the starting point 
to reduce confusion. The hunting trip is to last no 
longer than 4% hour; then return to the starting point 
to mount trophies. 

Prepare your collection box by cutting the plastic 
foam or corrugated cardboard and fitting it into the 4% 
pint container. Mount the insects by pinning or gluing 
to a pinned paper point. Soft bodied insects and spiders 
should be put into alcohol in the small vials. Put a 
locality and date label on each (see sample collection). 


‘Identify each specimen to order and attach a name label. 


Books, pamphlets, or exhibit collections may be avail- 
able to help you in identification. Write the labels with 
India ink or pencil. DO NOT USE ORDINARY 
INK! 
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If you do not wish to kill the insects place specimens 
in vials or the empty jar. Place one species in each 
vial. Add labels as you would to the vials with alcohol. 
The insects can be turned loose after the collection is 
judged. Stopper the vials with cotton wool. 

When your collection is complete or you run out of 
time, put your name or number on the bag and box and 
turn in for judging. Turn in the killing jars, vials, nets, 
etc. The dry pinned collection is yours after grading. 


The collections will be judged on the following basis. 
No specimen will be considered unless correctly 
mounted, labeled, and identified. 


10 points for each order with at least one representative 
specimen. [For example: 1 beetle (Cole- 
optera), 1 fly (Diptera) and 1 bee (Hymen- 
optera) equal 30 points (3 orders).] 


10 points for each life stage in each order (egg, larva, 
pupa, adult) in addition to the number one 
specimen which represents the order. [For 
example: 1 beetle (Coleoptera adult, 10 
points), 1 white grub (Coleoptera larva, 10 
points), 1 mass of lady beetle eggs (Cole- 
optera eggs, 10 points) equal 30 points (3 
different stages in one order).] 


1 point for each species collected in addition to the 
number one specimen representing its order. 
[For example: 8 different beetles (1st order 
and 7 additional species) and 4 different bees 
and wasps (2d order and 3 additional 
species) equal 30 points (2 orders, 20 points ; 
10 additional specimens, 10 points).] 
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2b 
3a 


3b 


4a 


4b 


5a 


5b 


6a 
6b 
7a 


Key to the Orders of Winged Insects 


Front wings horny, leathery, or parchmentlike, at 
least at base; hind wings membranous.................. 2 


Wings entirely membranous, may be covered with 
scales 


With sucking mouthparts, the beak elongate and 
tisttally  SOSTCIICO oes ee ere een ee nge ces 3 
With chewing »mipubh partes. sce ick. spe nntencesnecncene = 


Beak arising from front part of head (figure 92) ; 
front wings usually leathery at base and mem- 
branous at tip, the tips generally overlapping when 
at rest (figure 94) (true bugs)................ Hemiptera 


Beak arising from hind part of head, often appear- 
ing to arise at base of front legs (figure 95) ; front 
wings of uniform texture throughout, the tips not or 
only slightly overlapping when at rest (figure 91) 
(hoppets:and ciCadaS ) osetia se crnet onan Homoptera 


End of abdomen with forcepslike cerci (figure 98) ; 
elytra (thickened front wings) short, leaving most 
of the abdomen exposed (earwigs)........ Dermaptera 


Abdomen without forcepslike cerci, or if cerci ap- 
pear forcepslike, then the wings cover most of the 
abdomen 


Front wings without veins and usually meeting in 
a straight line down the middle of the back (figure 
100) ; antennae usually with 11 or fewer segments ; 
hind wings, if present, narrow, usually longer than 
the front wings when unfolded and with few veins 
(beetles and weevils) 2......2.2-c00c-0nccsuecorace Coleoptera 


Front wings with veins and either held rooflike over 
the abdomen or overlapping over abdomen when at 
rest (figures 96, 97) ; antennae usually with more 
than 12 segments; hind wings broad, usually 
shorter than the front wings and with many veins 
(grasshoppers, crickets, roaches, mantids, katy- 


rs | ee wr orts: Mere Wipes. BCe<eO: Beer aI Orthoptera 
WHEEL BPE acs a cr cee 7 
Witht Bat wits cass eee ee 10 
Body shaped like that of a grasshopper; pronotum 


(upper part of first body segment behind head) 
extending back over abdomen and pointed at tip 
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7b 


8a 


8b 


9a 


9b 


10a 


10b 


tia 


llb 
12a 


12b 


(figure 99) ; hind legs enlarged (grouse or pygmy 
iy RRS ATR pts Tc abn tt. Be Orthoptera 


Body not like a grasshopper; pronotum not as 
above; hind legs not so enlarged..............-.......--.--. 8 


Abdomen with threadlike or stylelike tails (figures 
103, 103) ; mouthparts vestigial; halteres present 
Sek 2 | SR ORE A PORN E NRG Imi See! 9 


Abdomen without threadlike or stylelike tails; 
mouthparts usually well developed and forming a 


sucking proboscis; halteres present (figure 
102) (true flies, mosquitoes, midges, gnats, 
punkiés) uct. 2pciry-Aese sabes elle are Diptera 


Wings with only a single forked vein; antennae 
long and conspicuous; halteres present and hook- 
like; minute insects, usually less than 5 mm. in 
length (figure 103) (male scale insects)...............- 
Homoptera 


Wings with numerous veins and cross veins; 
halteres absent; antennae short, bristlelike, and in- 
conspicuous; usually over 5 mm. long (similar to 
figure 101 but lacking hind wings) (mayflies) 
Ephemeroptera 


Wings largely or entirely covered with scales; 
mouthparts usually in the form of a coiled proboscis ; 
antennae many-segmented (figure 104) (moths 
md. Detter fies) id. ett, ee aca Lepidoptera 


Wings not covered with scales although they may 
be hairy; mouthparts not in the form of a coiled 
proboscis 


Wings narrow, veinless or with only 1 or 2 veins 
and fringed with long hairs (figure 107); tarsus 
with only 1 or 2 segments, the last segment swollen ; 
very small insects, usually less than 5 mm. long 
(thrigg Sao U ee i a epee Thysanoptera 


Wings not as dbowe. 25 12 


Hind wings smaller than front wings (in length and 
usually also in area) and usually with fewer 


Hind wings as large as or larger than front wings 
and with as many or more veins...................-.---- 17 


Figures 91-106 


92 HEMIPTERA 


91 SPITTLEBUG 


« MAYFLY 


Pe Dorey 
103. SCALE INSECT 


104 MOTH 
106 CADDISFLY 


105 BARK LOUSE 
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42 
13a 


13b 


14a 


14b 
15a 


15b 


l6a 


16b 


17a 


EZ 


Zp 


Front wings with many cross veins and cells; 
antennae short, bristlelike, and inconspicuous ; 
abdomen with two or three long threadlike tails 
(figure 101) ; delicate, soft-bodied insects similar to 
figure 101 (tayflies)..................... Ephemeroptera 


Front wings with few cross veins and cells; 
antennae fairly long and conspicuous, or if short 
and bristlelike then there are no threadlike tails 


a wa a che Mian at ay a oe oe ae a 14 
With sucking mouthparts (figure 91) (hoppers, 
pore lop pees: (ee a Se eames Se ene Homoptera 
With chewing mouthipariss 26.22... ces 15 


Wings distinctly hairy; mouthparts usually much 
reduced except for palpi (figure 106) (caddis- 
F368 ince a acece Ne eat acd WRC es chia ald Trichoptera 


Wings not distinctly hairy; mandibles (jaws) 
well developed ics, ccschkt tes ik Be DOA se 16 


Tarsus with two segments (figure 105) ; front wing 
with a long, more or less curved cell, opening at 
wing tip; vein forming hind edge of this cell with 
two shorter veins branching from it (booklice or 
Parichat. Goin ga rte ape e 2. Psocoptera 


Tarsus with 4 or 5 segments; front wing without 
a long cell like the one described above (figure 
108) (ants, wasps, bees, sawflies)-..... Hymenoptera 


Antennae short, bristlelike, and inconspicuous; 


PS eS 
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THRIPS 


Ill LACEWING 
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DRAGONFLY 


Figures 107-114 


17b 
18a 


18b 
19a 


19b 


20a 


20b 


wings with many cross veins, never held flat over 
abdomen when at rest; body long, slender (figure 
110) (dragonflies, damselflies ) 


Antennae long and conspicuous. ............-.-2..-.--00--+ 18 


Head prolonged to form a beak (figure 114); 
costal area of front wings (along the front edge of 
the wing) with not more than one or two cross 
Welns (Scorpionities ). ya ok eres Mecoptera 


Head not prolonged to form a beak.........22........... 19 


Front and hind wings similar in size and shape, 
veins not darkened; with very few cross veins or 
cells in median part of wing (figure 109) ; body 8 
mim, lone or lees ferinibe yc pec cee Isoptera 


Front and hind wings not as described above, if 
same size and shape then the veins are darkened 
and there are at least 5 or 6 closed cells in the 
median part 


Hind wings wider than the front wings, at least in 
the basal half; wings folded flat over the abdomen 
when at rest ; long hair-like cerci project back from 
the end of the abdomen (figure 112) (stoneflies) 
Plecoptera 


Hind wings not distinctly wider than front wings ; 
never folded flat over the abdomen when at rest; 
abdomen without cerci at tip (figure 111) (fish- 
flies, dobsonflies, lacewings, ant-lions)..Neuroptera 


STONEPLY 


114 SCORPIONFLY 
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Selected References for Insect Collecting 
and Identification 


- The following books deal primarily with insect col- 
lecting and insect identification. The college texts 
usually provide little help for specific identification but 
most have good keys and descriptions of the families of 
insects. I would recommend Borrer and White’s A 
Field Guide to the Insects for the serious beginner. 
Some of the list may be out of print and cannot be 
purchased, but may be consulted in libraries. A book 
can be borrowed through interlibrary loan if necessary. 


General Insect Identification 


Zim, H. S. and C. Cottam. IJnsects. (One of the 
Golden Nature Guide series) Simon & Schuster, Inc., 
New York, 1951, 160 pp. $1 paper covered. An 
excellent book for the beginner but describes and 
illustrates only 225 insect species. 


Borror, D. J., and R. E. White. 4A Field Guide to the 
Insects. (One of the Peterson Field Guide series) 
Houghton Mifflin Company, Boston, 1970, 404 pp. 
$5.95. One of the best books for the serious beginner. 
The 1,300 illustrations are excellent. Most of the insect 
families are considered. Good for identification and 
general information. 


Lutz, Frank E. Field Book of Insects. G. P. Putnam’s 
Sons, New York, 1948, 510 pp. $3.95. Excellent for 
the beginner although some names are out of date. 


Jaques, H. E. How To Know the Insects. Wm. C. 
Brown, Dubuque, Iowa, 1947, 205 pp. $2 (paper 

- cover). A good key to the identification of common 
insects. 


Borror, D. J., and D. M. DeLong. An Introduction to 
the Study of Insects. 3d ed. Holt, Rinehart and 
Winston, Inc., New York, 1971. $17.50. A college 
text with descriptions and keys to the identification of 
almost all North American families of insects. Addi- 
tional chapters on collecting and studying insects and 
man’s relationship to insects. 


Pennak, Robert W. Fresh-Water Invertebrates of the 
United States. The Ronald Press Company, New 
York, 1953, 769 pp. A very useful book for identify- 


ing other invertebrates, as well as adult and larval 
insects living in fresh water. 


Chu, H. F. How to Know the Immature Insects. Wm. 
C. Brown Co., Dubuque, Iowa, 1949, 205 pp. $3. 
A key to some of the common species of all orders. 


Felt, E. P. Plant Galls and Gall Makers. 
Publ. Co., Ithaca, N.Y., 1940, 364 pp. 


Comstock 


General Entomology 


Frost, S. W. Insect Life and Insect Natural History. 
Dover Publications, New York, 1959, 526 pp. $42.25. 
An excellent introduction for more advanced insect 
studies. Not useful for identification, but provides 
a wealth of information on insect biology and has a 
good bibliography. 


Klots, Alexander B., and Elsie B. Living Insects of 
the World. Doubleday & Company, Inc., Garden City, 
N.Y., 1959, 304 pp. An excellent; nontechnical book 
with many superb photographs. Not useful for 
identification. 


Insects of Economic Importance 


Swan, Lester A. Beneficial Insects. Harper & Row, 
Publishers, New York, 1964, 429 pp. $7.95. 


Mallis, Arnold. Handbook of Pest Control. 4th ed. 
MeNair-Dorland Co., New York, 1964, 1148 pp. 
Deals exclusively with household pests. 


Metcalf, C. L., W. P. Flint (revised by R. L. Met- 
calf). Destructive and Useful Insects. 4th ed. Mc- 
Graw-Hill Inc., New York, 1962, 1,087 pp. Deal 
primarily with agricultural crop pests. 


Peairs, L. M., and R. H. Davidson. Jnsect Pests of 
Farm, Garden and Orchard. 5th ed. John Wiley & 
Sons Inc., New York, 1956, 661 pp. 

Horsfall, William R. Medical Entomology. The 
Ronald Press Company, New York, 1962, 467 pp. 
Eckert, John E., and Frank R. Shaw. Beekeeping. 
Macmillan & Co. Ltd., New York, 1960, 536 pp. 


Collecting Techniques 


Teale, Edwin Way. /nsect Life. Merit Badge Series, 
Boy Scouts of America, New Brunswick, N.Y., 1944 
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